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NOTICES

When Government drawings, specifications, or other data are used for any purpose other
than in connection with a definitely related Government procurement operation, the United States
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A review of orior work and available literature on cLasticizers in oil-
resistant ribber for low temperature applications was mzde. With re-oect to
compatibility these data indicate that a prospective plasticizer should (1)
contain polar grours, (2) have a relatively low moleviar weight - about 300,
an (3) contain a high percentage of oxygen - about • percent or possibly
higher.

M follov zmtertals ware evaluated as low temperature plasticizers
for Paracril NS-2o; various liquid polybutadlener and their derivatives; the
butadiens-furfural cotrimar and several of its derivatives; hbyroxylated bu.-
tadiens derivatives; Polyetblene &lycol derivatives; aiiokoI's Z-i09 alon
and. blenied with 7-903; substituted amides, ureas and urethans, "TL•-90B
derivatives; bydroxynitriles; dltallyl sebacate and divizrl benzene as ml-
canizable softeners; several silicones; several phosvhonate eaters; several
mercaptan-ethylene oxide condensates; and sorbitol. Cf the plasticizers
tested most were found unsaitable due either to the failure to imprcve the
low temperature properties over those of the uplasticized stock or to the
high extractability from the compouned stock by 70/30 isooctane-toluene
mixture. HEwever, several bydmoopolytbtadienes containing about 5 to 10
percent oxygen, several ZL-lO9/W-90B blends, and N-for'~l morpholzne showed
soma promise and these and similar mterlials should be investigated further,
along with the Polyethylene Glycol derivatives which show sort promise as a
group although no exceptional material has been fcoaund in this group as yet.

Several 90/10 copolymers of 1,3A-butadiene and l-cyano-l, 3-bxtatiene
prepared from l-cyanobntadiere containing varying amounts of the cis- ani
trane-isomers were compounded with 20 phr of 2-90B and with 20 pE--of liquid
polybutadiena ad compared with samples of Paracril B and Paracril IS which
b1A been comp)ouxted similarly. Ib cyanobutadiene copolymers were in general
stperior to the Paracrils in low temperature properties but inferior to them
in oil-rs-_istanze and other physical properties. Mm copolymars ma" from
cis 1-cysnotntadieze appeared to be the most promising of the experimental

This report has been reviewed and. is approved.

FOP.~000;1 UWCO&DIGGlC

Chief, Materials Laboratory
Be-search Division
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INBODUOICE

There is a widespread and critical need in the armed forces for a
rubber which retains its elastic properties under arctic conditions and
in addition is oil-resistant so that it can be used in continuous service
in contact with hydrocarbon fluids. These services include such uses as
the liners for self-sealing fuel tanks, gasoline hose lining, gaskets for
numerous services, and motor mountings and other machine and ordnance parts.

There are two obvious approaches to this problem. The first and the
one with which this contract is chiefly concerned is the development of a
plasticizer for existing oil-resistant polymers which will impart the de-
sired properties to the compounded stock. The second is the development
of a new, oil-resistant polymer to be used alone or with an appropriate
plasticizer. In order that a plasticizer be suitable in either existing
or new polymers it should not be extracted from the compounded stock on
continuous contact with hydrocarbon fluids, it should be sufficiently non-
volatile so that it will not evaporate from the stock during storage, it
chould exhibit high compatibility with the polymer so that it wiln not
bleed from the stock, and it must impart the desired low temperature
flexibility to the finished rubber, Development of a new, oil-resistant
elastomer for low temperature applications is being actively studied in
a number of laboratories, but this lies outside the scope of this contract.
However, some work has been done on plasticizers for a new, oil-resistant
copolymer of 1,3-butadiene and l-cyano-l,3-butadiene.

Types of plasticizers which exhibit high compatibility with acryloni-
trile-type rubber are well known and include varicus esters such as dioctyl
phthalate, sebacates and other highly oxygenated compounds. Non-extractable
plasticizers have been developed for GC-S polymers, most notable of these be-
ing the vulcanizable softener, liquid polybutadiene. Plasticizers that im-
part good low temperature flexibility to acrylonitrile rubbers have been
found in recent studies lJ. Among these are dioctyl and dihexyl sebacate,
dicapryl adipate, Carbidi and Carbon's Plasticizer 3GB and 3GO, and Thiokol's
TP-90B, TP-95 and TP-9g. However, no plasticizers have been found which will
confer the desired low temperature properties to oil-resistant rubbers and
yet remain non-extractable.

WADe TR 52-SO 0



Since compatibility of the plasticizer with acrylonitrile copolymers
is one of the essential properties, data from several rather extensive studies
on the types of plasticizer molecules which are most compatible with acryloni-
trile rubbers were examined and carefully correlated.

To achieve non-extrectability of the plasticizer in rubber compounds,
an obvious approach is the use of a material which is in itself vulcanizable
and will, therefore, become an integral part of the rubber during the period
of cure. Development of such a vulcanizable plasticizer for ordinary service
in both oil-resistant and tire-type polymers has been the subject of a great
deal of research. Vulcanization consists of the establishment of cross link-
ages through sulfur or other atoms between the polymer molecules. In the
case of a vulcanizable plasticizer, the cross linking would take place be-
tween the softener and the polymer molecules. This results in an increase
in the average m=lecular weight of the polymer.

On the othor hanM it has been argued that improvement in the low tem-
perature properties of a polymer requires a lowering ef the average polymer
molecular weight by the additive. The action of a plasticizer in reducing
the munber of such cross linkages in the original polymer is believed to
contribute to the lower degree of rigidity of the structure which is most
apiarent as the temperature is lowered to near the freeze point.

It might seem, and indeed this position is taken by competent in-
vestigators, that good low temperature properties and vulcanizability of
the pla.-tcizer are not consistent and cannot be achieved together and that
another solution to the problem of extrnctability of the plasticizer must
be made. In view of the rather limited knowledge concerning the action of
plasticizers, particularly at low temperatures, it was decided not to aban-
don the attack upon the problem from this angle and to make at least a
brief investigation of certain vulcanizable materials whose composition
appeared tc offer attractive possibilities.

Another obvious way to achieve non-extractability is by the use of a
plasticizer possessing negligible solubility in hydrocarbon fluids and high
solubility in the polymer itself. In the case of ordinary butadiene-sty-
rene copolymers which are composed solely of hydrocarbons and thus closely
resemble the extracting solvent, the existence of such plasticizers is highly
improbable. With the acrylonitrile--butadiene copolymers, it appears that
such a plasticizer may exist since this copolymer is no longer strictly a
hydrocarbon. It differs in type sufficiently to have very little compati-
bility with hydrocarbons.

Therefore, this problem was attackedi along the following lines:

1. Various liquid butadiene polymers and their derivatives were
tested in Paracril NS-26 (Tables I and II, Appendix 2). Various sodium-
polymerised liquid polybutadienes of different viscosities were tested along

WAX PR 52-4o
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with several Yrogen flunride-polymerized liquid polybo-tadiene ad several
vinyacyclohexene (butadiene dimr) polymers. Since none of these gv the
desired properties alone they were tested in blends with conrcial plasti-
cizer WF-903 and Thiokol's liquid polysulfide ZL-1C9.

2. Me butadiene-furftu-al cotrimer, 2,3,4,5-.bis-(A 2 -_btenyleno)
vetrabydprofurfural, was tested along with the cruixe tar from which it was
recovered and several materials of intermediate purity (5ble IV, Appendix
2). 2e pure cotrimer was also tested in blends with TP-90B and with a
higher sulfur level. Although the pure cotrimsr appeared rather interest-
ing at first it was discovered that, due to its volatility, the aliu=t
me thod of deter"mining extractability (this method is no longer used)p mav
erroneous results and the plasticizer vas actually rather artractabla. -thy-
lens oxide derivatives and hydrozylated derivatives were also prepared and
evaluated.

3. Several derivatives of erytheitol oad 3-butene-1, 2-diol (products
from the hydroxylation of bttadiene) were tested ('able 71, Appendix 2) in
Paracril NS-26.

4. After preliminary screening tests on a number of Polyethylene
Glycol derivatives, several were tested in Paracril "'.-26 (Table VII,
Appendix 2). These included a number of esters and some cyanb derivatives.

5. A rather extensive investtgation of :hiokol 's liquid polysulfide
ZL-109 both alone and blended with IP-90B was made (Thble IX, Appendix 2).
Several blends were found which appear rather promising.

6. Since di.methylformanide is an effective swelling agent for poly-
acrylonitrile, it was believed that a plasticizer having the desired proper-
ties might be found atong various materials containing t-he amide stracture.
Several suibstituted amides and ureas were therefore evaluated in Paracril
.73-26 (Table X, Appendix 2). Of the materials tested, one, N-forrp! morpho-
line, exhibited severea favorable characterIstics which makes Arther study
of this type of compond appear rather interesting.

7. Modifications of -•°-90B were made which were expected to reduce the
extractability.

S. Unsaturated nitriles were hydroxylated in an. effort to reduce their
.hdrocarbon solubility.

9. Diallyl sebacate and divinyl benzene were tested as v.lcanizable
softeners in Paracrii .3-26 both alone and with benzoyl peroxide or blended
with -S-903 (Table XIV, ADnpen&its 2).

10. A recent natent 2 describes the use of polymeric, non-miscible
type plasticizers for var.ous rubbers. In view of this, several silicorns
which possibly might, exhibit plastlctzlng action but which ýa known to be
inco.atible with Paracril NS-26 were tested to determine if these materials
would i mrve the low tea.eratoure oraoerties of this rabbet=

WABC MR 52.SD 3



11. Several other materials, two pho.phonate easters, mercantan-ethylene
oxide condensates, and sorbitol, were tested in Paracril NS-26 ZTables XVI
an• X7I1, Appendix 2).

12. A recent report / that a 90/1C copolymar of i,3-butediene and 1-
cyano-1, 3-b'atadiene etaxibted good low temperature properties and good oil
resistance prompted an investigation using this copolymer in which the plas-
ticizer requirements may be less demanding. This report also indicated that
the trans-isomer gave a better low temperature copolymer than either the
cis-isomer or a mixture of the cis- and trans-isomers. Severa-l samples of
cop-.ymers were prepared from s•e-ples containire various proportions of t•he
C0s an! trans-isomers (Table XVIII) for testine as a low te perature, oIl
resiqtgnt e99stomer. With 2> phr of plasticizer the ci--iso~mr appears to
give a more promiting polymer than the trans-isomer ( !Tabes XIX-XIXI* Apendix

SZM ic I

So long as the usual stress-strain and other physical properties
of the rubber protuct remain within normal liMits, little attention need be
given to the minor variations which occur within these limits. Primary
attention wBs, therefore, directed toward those properties of the rulbber
product which reflect its suitability for use in low ten-perature service
while in contact with hydrocarbon fluids and complete phvsIcal tests were
omitted in many instances, The tests yielding pertinent information con-
cerning the low temperature behavior of these rubber products are the
freeze point, cold compression set, swell and extractability. The extracta-
bility is a direct measure of one of the integral parts of the problem. In
contrast, swell iz, a 70/30 isooct-ne-tcluene solution is a measare of the
compatibility of the plasticized rubber with hydrocarbon fluids and often
correlates with the extractability of the plasticizer.

Th.e freeze point indicates the te.-persture limit at Ahich the
polymer may be expected to be plastic an' therefore usqble. The degree
of plasticity at a low temperature (-350F.) is meqsured by the cold com-
pression set, for any polymer not frozen at the test temnerature gives a good
idlex to the potential value of the compound for various services. These
properties together with normal physical properties of the rbber should re-
rain at satisfactcry levels after exposure to hydrocarbon fluids. If a pros-

pective plasticizer appears good as a result of the above tests, redetermnna-
tion of these properties after a so-cmlled cycling operation is I-portant since
it will irlicate the behavior of the finished rabber after continius exposure
to hydrocarbon fluids.

WADC TR 52-O 10



A. Mest Proceiures

The test methods em1oyed on the copom4sid sanales were the usual
methods in use throughout the rubber inustry with a few asddition. All
the tests were made in the Lubber Evaluation laboratory located In the
Philtex 2xperiment Station, Phillips, Texas, by experienced test personnel.
Tbe equipment and procedures were in eact accordance with those staeerdizsd
by AST! Comdttee D-f1.

Specificallvy, the tests made and the procedaras used were as detailed
below:

rensile Strenth - Determined by AsNA :6thd D-J412-i49 at 3FF. Hot
tensiles tken at eF.

tongtion - Also determined by Test Me~thod D-412 14T

Compression Set - Deterzmned by AS1M Test Method fl-395-Jc49. Deflection
35 perVent for 2 uours at 2120F. plus 1 hour relaxation at 212c7. Cold coz-
pression set taken at 37 percent deflection for 22 hours at -35O?. plus 0.5
hour relaxation at -35c7. Tis was later carried out in a carbon dioxide
atmosphere.

ýidulus - Value taken at 300 percent elongation. Nast method designated

Freeze Point - Determined Iry the Gehmn wpparatus; TeNt Method D-4053-

'MonezVis~hit - Determine& by ASTIR Test Me~thod D-927-J49T using in
general the sll rotor at 1.5 min=tes (>hS 1 1/2).

Shore Harlnese - flurozeter ha.-dess determined by the share hardness
tester, 17WSMet• Dm676-&49T.

Swell - Determined on the compounded saples by immersion in the 70/30
isoocd--toluene tixture for 72 hours at 157F-7. e increase in volume ani
weight were nea d. Te solvent and swollen samples were used in extraction
test.

xtractability was determined by two methods using the solsunt and sample
froz t swei.i test. In one method, an aliqujot of the solvent was evaporated
in a watch glass on a hot plate at very low heat, and the residua weighed.
In the alternate method, the swollen ribber was dried in a vacaum oven at
11007. Me difference in weight between the dried sax.le and- the original
taken for the swell test was obtained. The loss in weight on extraction was
repbrted as percent of the compounded z-:bber. Only the weight meth• is nov

'#oU TR 52-M 5



bsing used to dsteiramn the extractabili-ty of the plasticizer because cf the
erroneous resgu!t s cbtained in several cases by the al.quot method. Also,
the extractability test is now being carried out by inuerslon of the epecirmn
!n 70/30 isooctane-tolueme blend for twdo dcvs at ]58&CO then dried Three lay
at 158oF. in accorlane writh standard Air Force procedure.

.Me vaLtts for this report have been converted to parts per haj&rd of
rabber and then to percent of tte original amount of softener atied. A
correction for the extiaction of stearic acid determined on unplasticized

8a8le2 hasa been applied.

A TR(emperature Fetraction) test was also employed to measulre the
freeze point. In this test a 11.0 inch T-50 specimen is extended 50 percent
and imersed in a cold bath (-TOyz.) of acetone. After three minmtes the

maple is released, and allowed to warm up slowly and the temperatures corres-
ponting to 0,l,2,5,10....`90 percent retraction are deterzimnd. - freeze
point is determined by extrapolating the straight line portion of the temr.-
perature versus retraction curve to zero retraction.

Svell in the Plasticizer - b compounds to be tested as plasticizers
were screened for coatib.lMty with the rubber products by a swell test in
order to aliminate those compounds of very limited compatibility with the
rubber prodnacts. Lie test gives an indication of the softening action of
the plasticizer. M procedure for this test i described below:

Circalar rubber snecimns 21 zillLmters in diameter and 2.7 milli-
mrters thick were welghed first in air and then in water. Že 6Lpecimn was
then dipped in acetone, quickly blotted dry with filter paper, and then im.-
mersed in the plasticizer cont aied in a small vial. Tb vial ws capped
and placed in a constant temperature oven maintain~d at 159 0F. After orz
week the vial w-s removed from the oven and allowed to cool for 30 min•tes.
Me rubber specimen was then removed, dipped in acetone, blotted dry, ard
weied in air and water as before. The nolume hange was calculated from
the change in the difference between the weights in water and air. After
dipping in acetone and drying, the specimen was reetnrd to its vial and
replaced in the oven. After an additional two weeks, sll was again d-
termined. The specimen was then placed on a piece of filter paser for
24 hours art observations on bleeding were =ad.

B. Co.cuz4.img *ecipes

In general the following asket recipe ni used:

Ilastonr 100.0
Pbilblack A 6o.
Zinc Oxd d 5.0
Stearic Acid 1.5

1.•5

FlPsticiar Variable

WAX Y'M 52- 6



The elastofmr used was Paracril NS-26 except in the case of the
butadlene-l-cyanouadti ene evaluation where this elastomer wbs ooxparod with
Paracril 18 and Pararril 3 in the above recipe. ýiith 20 or =are phr plasti-
cizer, the alounts of sulfur and accelerator were increased to 2.0 and 1.75,
respectively. In several other cases where noted, the sulfur and acaelerator
levels mrs incraased even more. All results are for a 4r minute cure at 307°r.
exceptcap hear- noted.

C. Szýthetic Procedures

Standard organic chemical procedures an.1 apparatus were employed in
the sAthesis of the plasticizers tested and in the preparation of the l-cyano-l,
3-b1utadiez. Details of these preparations are given in Appendix 1.

D. Polymjrization Procedure

The 90/10 copolymer of 1,3-,btadiene and 1-cyano-l,3-butadiene was pre-
pared from freshly distilled monomers using the following recipe at 12207:

1, 3-bAtadiene 90.0
N-cyano-U, 3-butadiem, 10.0
Water ISO
OR wap5.0

0.30
Variab•le

n-4 mercaptan level was aitusted to obtain a copolymr of approxiuately 60
Mooney value and the polymerization was allowed to proceed to about 60 per-
cent conversion. Details of each individual polymrisation are given in
Table.XVIII, Appendix 2.
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wECIOJ II

EL TS A= flISCUSSIC

A. Correlation of Existing Data on Compatibility of Softeners with
Var i Poly 7 rmer

This st-udy revealed that plasticizers -vtich were rzittable for
acrylonitrile copolymers differed markedly from those suitable for Less
polar rubbers. The comofn lfiastomrs Way be arranged in orter of increas-
ing polarity startine with arn-polar butyl rubber throu& nat-tal rubber,
GR.-S and Neoprene to thne most highly polar acrylonitrile rubber (Paracril).

Based on compatibility alone, conveniently determined by a simple
swelling test, 1th following statements summarize our conclusions from this
reviow;

1. The highest compatibility with Paracril is obtained with low
molecular weight plasticizers. The available data on several series of
ester type plasticizers including fatty acid esters, dibasic acid esters,
and long chain glycels show that the compatibility increases with a decrease
in molecular weight and increases very sharply below a molecwar weight of
about X00

2. Highly rclar plasticizers are more corpatible than less polar
or •on-polar plasticizers with Paracril .rabber. Thus, hydrocarbons in
general cause very little swelling of Parscril thile esters of ditasic acids

asn more swelling than esters of monobasic acids.

3, Since oxygen is the element most frequently presamt to give
polarity to the plasticizers, & rough correlation can be shown between the
degree of swull as a zeasure of compatibility ane the oxygen content ex-
pressed as the nmmber of oxygen atoms or percent oxygen. For Paracril rabber,
the data show that, for plasticizers of equal numbers of carbon atoms and of
approximately equal molecular weights, the uiwelling action increases with in-
creasing numbers of oxygen atoms up to at least seven. Above seven oxygen atoms
per molecale so few compounds have been investigated that the a~paren: leveling
off of the amount of swell may not have any si~.iftcance.

In this correlation, the oxygen atom have all 'een regarde as
equivalent in producing polarity, an obvious inadequaacy. Carfonyl, hydroxyl
and ester oxygens probably contribtte differently to the plasticizing action.
Possibly both oxygens in an ester or carboxyl group should be counted as one:
i.e., týe number of polar groups rather than the individual oxygen atoms shouid
be considered. Those plasticizers which are the best s-elling agents for Parn-
cril rubber were all found to contain above 30 percent oxygen,
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Not all polar groupa are necessarily equivalent. W5,th Parx&cl
it can be ahwon that a p.asticiser having polar groups on adjacent carbona a,
a much poorer swelling agent than a plarticisrr in which the polar gro;ps are
widely separated. The effect is very mar¶ed in low molecular weight copoun4:
bat becomes neligible with quite high molecular weight crupounds.

5. There is evldsnce that the low taemrature properties of Paracrnl
are impnved (T1 0 , TI, and brittle points levrod) with increasing oxyM con-
tert of the plasticizer up to about 25 percent oxygen bat not above this point.
Satisfactory results probably can not be expected from a plasticizer which it-
self q•stallizes or gels at the test temperature; it may be that the more
hIiyh; oyeted cco -n:cntelt-n~g Siz or seven ozen Utfln9 aexe quO!Ject t
this defect,

B. Polybutadiene and Polybutadlene DerivatijVe as Plasticizers in Paracril
!S%6. (Tables I. II and IIll. 2)peiif.

Sodium-polymerized liquid polybutadienes of various viscosities were
tested as plasticizers in Paracril NS-24. When comparing these plasticizers
it can be seen that in general as the viscosity of the polybttadiene increases
the freeze point of the plasticized stock alproeas that of the unplasticized
stock arn the extz-actability decreases. Little can be deter-zined from the cold
compression set data since the stocks were practically all frozen at the test
temperature, -350?% It might appear at first glance that a liquid polymer of
the proper viscosity to give the best ba lance of properties might be dewirable.
However, it is believed that even if we could approach the low temperature
properties of the low viscosity material and the extractability of the high
viscosity material, the renalting material would still not have sufficient
action to make it stitable under the desired conditions. A bleni of T2-90B
with the low viscosity material gave slight improvement in the low temperatire
properties but also increased the extractability.

Hydrogenated liquil polybutadiens (low viscosity) did not sppear
to impart low temperature properties supeortor to those imparted by the
original polymer; however, it did appear to increase the extL'atability oon-
siderably. Blending this hydrogenated material with :3P-9 greatly impro,7ed
the low temperature properties but also increasd the ext-actnbility of the
compcursd stock. A blend of this material with ZL-109 both decreased the
extractability and improved the low temperature properties eomeýtat over the
stock plasticized with hydrogenated polybutadiene alene,

The qdrmgen f-unride-polymerized polymer had much the same effEctlow.. i the sodim'-calr-&-rize poly-r. It
exhibited much ht•her excractability, thvs zaking it inferior to the sodium-
polymirized polymer. .h- viaylcyclohexene polymer (polywrined by ph&ohsrsm
pcntoxids) ;howed no improvement in low tempcraturv properties of th-s cor-
poa',d rubber and w.2, in additionf corpletely extracted, thus makin it In-
ferior to both of the other two types of polymer,
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Of ths severAl hyimxrypolybtuta~iieneu evaluated. in Paracril NS-26 &
Low bare ahown some promise. Atte~pt;o to di.uplicets these rerflts thusl far
bha'¶e failed. It houad. be note-- in T~~II that as the swwt cof ozygan is
iLncreased. tha extrwitability is reducel s2.cni with a corresponin~g increase
of the fraeuiz point %?ills the coild copresuion sat ram:tin: essQn-tially tha
sucs. This indAicates that stock containing any of the hyn roybutiies ?v-

thou~p they Wne appear wo bCa ooeo at flexible at -y -, are almost corplstely
§~znafter longer exnoriure a-t thi's tempnera ture. Mlodificati.ca of the hdirpo~ly-

tuta~iane mo~lecule by esterification or condensation with ethylene oxide in
several cases reducced. th-e extractability lbut gave n= Lwrovement it low tem,-
p-erature properties over the unplasticized. sto&k. Oxiaation of 'Iquil poly-

to &yd~roxypolybuteaisen it low temperatWure proyerties but in-ferior to it in-
scfa.r as extractability is concernet,

C. 3uain-Frua o27esa Plasticizers in Paracril NS-26 CTableu

The pure qatrirner, ,3, s,5_bie 2 -butenylene) tetrahyirof-arf.1ural,
a~psparoi rat.harpromiming since, even tboui4 it was sorewtrat inferior to t-he
control softener 17-9C3 In regardi to low temperat-ure vropertles, It was con.-
siderably better insofar as extractability was conicerned.. Fowerer, it vias
later learned. that the aliquaot =ethol of determining extr-actability was gi-.
irg errrneoua resualts due to the vo'latility of the plasticizer itself and
that this material. was nearly as extractable as TF-C3B. Blending this plas-
ticizer -with T-.9ZB imparts better low temperature properties than the, co-
trimer alone, but the extra~ctabtlity is too hi&. to rr-ke t-his a suiitable
plasticizer for oil-resistant rubber.

A study of this rat~erial of various stages of purity from the cztde
tar to the pure cotrimer indicates that the freeze point of the plasticized.
stock decreases with increasing parity while the cold compression set &,-A ex-
tractabýility remains essentially the sane for all the materials except the
traie tar-.

Reduction of the p-are cotritmer to its corrervpnd.Lng alcohol,
corntrazy to expectations, did rit appreciablyv reluce th:e extractsbility and.
i-n addition d~id not materially affect telow tunperature. prnperties of thie
unclasticized. stock. 3ufbsequ;;nt conden-sation. of' this CH coh~ol with ethylune
oxiie did ixpruvo the extractabillty but had littk6 a~ffect on the ool," tam-
perature propertii-s, HRydroxytatict of btoth the cotritur itsolf and its

,droes d iing a!oohol1 yibl-ed. materials wtbich wu~rv t~seontially non-eztra-ctablo
but w--:tch did not izprorc- thei lov tgmpcratura proparti;ý;.
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roAra 7I s itint cun,. 3441- tt-o'.;gh the 2. sCoM rwc-vezoy m&aUSS fcta:
cold rpresuicon nt "r ratheir poor, at readtrjc after one ai~tit re-

1sxstion Show that -,*=very iie rat~sr m-sid after a E>-W ut&,.rt, 3i~i
lo&hd1 s& QX :.-Ij') bad a very isleartiou's eff-ctý% on "v~ tenile stzngcth

Yp, &la.tm t st cli erus 'P. ParacriZ. r-aSZ (Tabbe Ian X, 4pea~ix 2)

I t appea-ru thLat ný-c'ctyl ame. ~IOInou t i~prtin" th÷tF low tuge-ratureproperties of Paacril SJ ttLu2 rAkiag A~t info-,,r to-tx t,!q -C
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Iul-tgbJY extrtcttbl,. H{owever, Uth latter whtch is 2trxtuct'lrCy simfl&r to

the 4 3 1 7 i u t i t r ~ c i h b ld r etfR lt f= 1: th:e c yclic
~~X~ydntionw o-f 454}41 st.rýaIf iz=3Wtbl'ity andsirpoearm rathereffeeti~re it iapr:vl,gj the low tsParatnre proper-ties bu is ~tonwat moresxt~ract-ablv., It atcu.1e¶ be not,.d t.hat XF-fornyl =rnholibe as effectiv, in

i=9p-ccvi.~ the ltow taqrerature propartieu in apite -of the fact L.bat it M.te
at66tr lp-it is be'liorM- "~t Thartbar investlgation c" mtril si Ia to6,

Y-forn'J morph1tzn %-ul" PrMve Q3ite iaterostinge.

k6ither 2ys-XN1 E A:.tharabIrsa nor,#-tydznje thlure than caper
r-C ix~ni~e thm lw t"erersttu* PprOerties Of Paracril NS-26nrry nb- andin adA4%itin both wgi Mt~tay extracted from the eozouxuM± stock.

It im$.i ±A t5 s4 rsn2 rril N".2 (Tabcle 111,

b*&tit& of the hydroxyl gmipe Ii WP-qTB with s'tolylweo d~b-
cjVa. gn& sdc tc hMiW,vmi~ uxrcblifntWrir low

with ricelai Lanhdrid.. gxye a profutct tich ýtxarti. low tacsrr-targ pro.-Pertie. eoqrable to !?-92; the sxtruMctabili1ty% cant rary to expectations,*,as 1. iac reaed,

tr*?! trilem ms PIa~tieiners In Panazril £S-26 (Tgoje JillAmaýUx2).

HYdrerylattoa ef kneel., aitillos, ±erinod from fatty acids,! itZhtl1Y isinrtio the lAvtawn t~rt "rmtn nwýAw .+4 a . .~- ,..,..&a f~ th

aowener, ccatnry2 to exPeeUtatong, tjheirj~j ftxrc~iiyw, o&l i
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J. Vulcanizable Plasticizers in Parncril NS-24 'Tb'e XIV, Appenlix 2).

Both diallyl sebacate and divinyl benzene were evqluated as
softeners for Paracrtl NTS-2G. Diallyl sebacate effectively reduced the
freeze point of the rmbbe:' but did not greatly effect the cold compression
set and remained highly extractable. It is interesting to note that treat-
mant with benzoyl peroxide had little or no effect on the p§vsIcrl proper-
ties. As shown by the data or. the extracted stock, any beneficial effect
which this material might have had on the elastomer was completely lost
after extraction. The lower colJ corpression set values may be due to some
softening action exerted by residual haydrocarbon from t*.ne extraction. Di-
vinyl benzene both alone nd blended with w 7-9n, was unsatisfactory due
to its rather slight effect on the low temperature properties of the rub-
bar even though it is appreciably less extractable thlan TP-qM alone.
K, Sil.cones as IlastIclzers in Parpcril NS-26 ,Table XV, ALpendixX 2).

Nwo siilcones were evaluated as plasticizers for Paracril ES-26
even though it was known they were incompatible with Paracril NS-26. As
suggested by a recent patent aJ, it was believed that they ware of high
enough molecular weight to form a stable mixture with Paracril NS-26. Al
expected these materials were virtually non-extractable but they did rit
appear to improve the low temperature propertles over those of the un-
plasticized stock. 2t -hould be noted also that the desired physical mix-
ture apparently wes not obtained.
L. h•.osp.horstse as Plas8ticizers in Paracril NS2E (Table XV. 1pendtx 2),

Evaluation of dllsoctyl phenylphosphonate and diisooctyl utyryl-
phosphonate in Paracril NS-26 showed that these substances, althouh some-
what effective in reducing the co=1 con-pression set, were almost comp.Aletely
extracted from the compounded stock.

M. Mercaptan-Ithylene Oxide Condensation Products Plasticizers in Paracril
%52b (Th'ble XVII, Arpenlix 2),

Plasticizers prepa.red by conrensation of tert-dodecyl mercaptan with
one and with nine moles of ethylene oxide were evaluaTed in Par-acril NS-26 and
found to be unsuIta'ble as low temperature plasticizers since-neither signi-
ficantly improved the low tenperoture properties over those of the unplauticlzed
rubber.

N. 2rbitol ao R Plasticizer in Paracril NS-26 (Table XVII, Appendix 2).

Sorbltn'1 was evaluated alone and bleded with TP-90B in Paracril
NS-26. When used alone it was relatively non-extractable but failed to im-
prove the low teoper-ature properties as compared witwh the unplasticized stock.
Blending with 7-00B showed the usual slight improvement of cold te-mperature
properties and the corresponding incnras in mrt achtIit 7ty.
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S&MTION III

CONCLUSIONS

From the foregoing results the following conclusions may be drawn:

1. All the liquid polybutadienes and derivatives which were tested
were unsuitable as low temperature plasticizers for Paracril 1NS-26 except
some hvdroxypolybutadienes contaiining about 5 to 10 percent oxygen.

2. All the butadiene-furfural copolymers and derivatives tested
were unsuitable as low temperature plasticizers for Paracril NS-26.

3. All the hydroxylattd butadiene derivatives tested were similarly
unsuitable as low temperature plasticizers.

4. All the Polyethylene Glycol derivatives tested were unsuitable
but further investigation of these types of compounds may be warranted.

5. Several blends of ZL-109 and TP-90B showed some promise as low
temperature plasticizers for Paracril NS-26 and may warrant further inves-
tigation.

6. Of the amide-type plasticizers tested only N-formyl morpholine
has shown promise; hc,.wrer, this field should certainly be investigated
further. In addition, it appears that a low freezing plasticizer is not
required to impart good lov temperature properties.

7. Modification of TP-90B by reaction with m-tely• e diisocyanate
or succinic acid did not yield a suitable low temperature plasticizer.

S. Hydroxylated nitriles, sorbitol, vulcanizable materials such
as diallyl sebacate, phosphonate esters, and incompatible silicones were
all found to be ineffective.

9. The ethylene oxide condensates of tert-dodecyl mercaptan were
unsuitable as low temperature plasticizers for F•cril NS-26. However,
further investigation of ethylene oxide condensates appears desirable.

10. Experimental 90/10 copolymers of 1,3-butadiene an l-yanze-l,
3-butadiene prepared with l-cyano-l 3-butadiene containiWg va~ing munts

of the cis- and trans-isomers, when plasticise& with 2D phr TP•-9 or l id
polybut•ene, w-er-e•fi general superior in low temperature properties to both
Paracril B and Paracril 18 containing the same softener but were inferior to
both in oil-resistance and stress-strain properties. The oopolpier prepared
from the cis-isomer gave the best low temperature polymer while the copolyur
prepared Fom the trans-isomer appeared only slightly better then Parairil 18.
Further investigati-onof copolymers containiag the cis- and/or the tras-iemrs
of 1-cyano-1, 3-butadiene appears desirable.
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A. Mod~ificatimn of TP-r9E

1. Reaction with m-Tolylene DIIfxaY~xant

:nto a 500 milliliter thres-leck flask equipped with a stirrer,
dropping ftinnel and therometer was riaced 163 grams Of '-.913, F!ifty-
eight grams of m-tlylene Qiisocyanate was aided dirpwise over a 40
mimate period. ?A hstt of reaction maintained the temperature between
12D--4h001. The viscosity of the mixture increased rapidly; after one
ko,.,r stirring was no longer possiblee Wheýn hoate4 to approximately 23?0Y.
a liquid phase separae-d -hich did not solidify on cooling. This liquid
had the o.or of T-90B. The solid materal ar recovered by filtration,
ground in a mortar, fried at room temperature uMdar a vacuim for several
bourn, and submitted for testing as aaple 3E0-i.

2. With Succinic Anhydride

Into a 500 milliliter flask which was equipped to remove water
was charged 200 gramu of TP.-9B aMn 14 grams (1C percent excess based on a

hfdroil number of 71) of succinic anhydride. The tnperatumre was maia-

taimed at 3920F. for 36 hours; however, no sign of reaction was noted after
12 hours. A dtt brown, rather viscous liquid was obtained which was sub-
mitt•ed for testing as sample 461S-9.

B. ButadieMe-Turfural Cotriar Derivatives

1. 2,3,4,5 bi4-( 2 -butenyleze) tetrahydrofurfuryl alcohol

In a 5-liter three-neck flaXk equaipped with a stirrer, reflux

oordenser and dropping funnel were mixed 500 grams of potaium hydroxide

an& 75 millilit7r, o' rtb Iol. After cooling to 1300. E mlixture of 612
graMs of the butadiene-fvurfural condlensation product, 300 milliliters of

l. and 330 milliliters of a 40 percent aqueous formaldehyde solution
vas added over a 30 minute period while saiataining the twperature between
115-13007. After four hours at 1160Y., stirring was stopped. and one liter
Of" water was added. The dark ronlower layer was •sparatel, au-d after

stripping the metha 1 from, the aqueous phase, it was washed with tree

00-mil~liliter portions of benzene. The benzene extracts were combinea
Wit~h 41- .;rr-.d~c* lea,&r. filtere& dhncug_ Co5!t' Zan1 frsnt n.:Ct441 thtroarh

a glass wlaum paiked with stainless-steel helicee. The boiling range was

240-27??7. at oza millister preusare. This product was submitted for test-

ing as sMOls 13Y-7.
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2.. Ith0ite01 oideante of the Above Aloobc1.

A ulntisn of 150 gram (0a729? m)1.5) of thi &icoSl in 15C gnu
of n-4tsptmne and 7.3 grm.m of a 2C percent s4inz &ydrvridea tn "Gt& I vvre
charged +0 a h~lf-pallo; tilsae1 jack@'od mWtoclaru eqttlppQd with

u~rxr a ~MW ICC>?!. £~lu~nof 1238 gru ý2.91 vo1ss) of
ethyl*" OXIde i 12 L'gmes. of D-bh*pt&rie wa. then pr..s-ed into' the router
with nitrvgen ! ~.Cl portion. over a 2-hov.r p~rioi at a teimpmratnre of 7.3S -
256-07. and. &arsr of L&-S8 pgg Tbe nac-ttIU- "~t ailov11tw to proceed un.-
tUl the priuvre ~Iropped to the inltiu2.wL valt (1I 0 peaig) . the prodnoet laye r
was fromad tc the heptmn. '.."~r &ad vashl first with water anid then
wltb a large pcrtion of nenzsne. Th. coui'izýA bczzas. extracts nitz *.hm. Iried
over potarnaint cs~kcmate- !hlt'r'd sAi t~he ý-~nae -er - " dIct4illat ion to

&fnal cp11tnr 7 a-. o= tillaattcr pdsw~u~ro. Th~is proint was
lound w~ am aiddsd an tyromp of three role% of athylaz oxide per ails of
alaoM1. ardl *as *ulatitted for testing &am aaV1s 5-8.

C. 11m&2yntrilam

1, ydrexylAtlon of Arosel TX wit. Performric Acid

Into a 2-2.iter flask fite~d with a stirrer and. tberwmtir were
p2.amd 279 grams of Arnnl TCD 'the nitrite derived. fromtall oil), 342
grams of a- 25.S percent kzydrvpn ?.roxid.. s lbtlnn, 59.1 graze of foztcz
acid., an ICC grass of water. This corespondm to 1.5 moles of hflrop~n
pazv~ide rutr 0. *, 5 19 of formici aciA per =I* of dzouble bonds in the
nitrile. This vtn zrintmir4ý a:t V? azi stirred vigorously for Ž3
houni at 'vtlch tin t the horetical a=,zt of byirogen peoroxide hPA bsen
conc=nd. The protrct was th~n atractod with benzenoe, nmahd with water,
.odliu b9aronterltiono sand aWin with nater, dIr±~ over wusgtim~
pr:,fate sad. the bexzuenQ renoved. by distii~ation tIo a final' t~mcratu-v of
243fl'. at orA milliuater prcsrýrv. 7e r,ýuvltln l¶;uMl, which froze at -4C$7Y.
warn spil-6ed for Wstin~g as, tazple ~~

2. yjrvo!Ation. of Arnesl S with Perforgic Acid

7ý he-rvxylatlcn warn run lin tihe sa!7A swaaer at ab:ove except the9
ratio of t'he reactants was chan-ged to 3.0 tiles of zyýdrogen- p.eroxl.e and
>Oý41 moe of formic acid. per =cie of thir krnrsl. TheI reactton wat allowed
to prioc~ee Ifor 23 hturs at agr,-.ximat,3. 121001. alfter which tin the product
^ts recovered! as n tin~e recsdr.n prepar-tion. Thqls prolto~t vasrnuCmItti
for teartin as swig. ~¶-0

thylen T7 ~ ~ ~ iDbn TiklL-



Into a half-gallon, stataless-ute•l, Jacied antoclAve equipped vtdh a
stirrer were charged '0 gram, (0.5 moles) of Tiokol i2P-S 10 rams of a 20
percent solution of potassium hydotde in =rthano1, and k gra.s of n-herta~e.
After heating to 260o'F., 176 gris (14.0 mles) of ethylene oxide in 1Wr gran
tf r.=heptane was pressured into the reactor iL sm.il portions. Me reaction
proces" for 6 hours at 25 - 265OF. aA at 5a2- 9 pfig. e hsptann in-
Isuoluble Zj.ttrilaJ.& VIsavrtd ',asy-6d Aalt ~ JoeLv aw cY-6
sidual ewotane. This prodnýct, which froze at -960F., was nabmitted for test-
ing as sample 14618-324.'

S. Esters of PolyetIylone ai-oa

1. tstws of minob.sic acidis

In all cases equimlar quantities of the aci¶ and glycol were placed
in a flask equipped with a reflux condenser and a trap to collect water. A
sma11 amount of calcium hymroxide was added and the temperatnare was maintained
at about 4500F. until there was no further eign of reaction. 2Tv acid numbers
of the resulting products were about 20 .illigra-• of pota-sium h*droxi&e per
gram of samle and wre u.ioubted-ly too high. due to seponification during
titration.

2. Diesters of monobasic acids

The acetate esters were prepared by refluui for 25 hours the glycol
with an exc~es of acetic antdride containing a small amount of pyridime. M*
excess acetic anlhrde and pyridine were then removed by dlistillation. Me
mixed ester of lauric and acetic and Carbowax 1500 was prepared by ren".ing
the monolaurate, prevarsd as in the foregoing -preparation, with an excen of
acetic a&iride containing a srnll aount of pyridtm. After allowing this
to reflux for 27 hours, about 75 milliliters of water ari 100 milliliters of
ter-zens were added. The benzene layer was then separated and the benzee re-
moved by distillation.

3. LWters of dibaeic acids

Te reaction was carried out in the sans manner as in the preceding
preparations except that a ratio of 2 -moles of glycol to one •le of dibasic
acid was used.

F. Ester-2yre PlastIclzers

1 1P%,rhl Vrrl PM nn`_tA#4

Into a oze-liter iasA eqa&i1ped. with a refl.ux codenser and a trap

to renvs oater from the reflux were charged. 30D gras (1.5 moles) of Poly-
ethylere G'lycol 200, 132 -a•as (1.5 mules) of n-bat7yc acid • A gr0.0 sZ
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of calcium hydroxide. The reactants were refluxed for 30 h iurs at 34707.i
the water formed was removed by means of the above mentioned trap. The
product was allowed to cccl to room temperature. Nitrogen was bubblad
through the protuct for the first five minutes of the cooling process to
aid in the complete removal of water. This material was submitted. for
testizg as sample 4618-29.

2. p9-CyanoethZl Ether of Polyethylene Glycol 200 Konobut.Mts

Into a 5a)-milliliter three-neck flask equi ed with a dropring
funnel, stirrer and thermometer were placed 150 grmsro *\75 mole) of Poly-
ethylene Glycol 2MX and 10.2 grams (5.36 percent) of a 4t percent aqueous
potatsuiurn i- iroxid solution. While stirring vigorously 39.0S grams (0.7r
mole) of freshly distilled aerylonitrile was added dropwlse at the rate of
bO to g-A drops per minute while the reaction Was maintained at S5-95 01.
After the addition was completed (0.5 hours), the reactants were stirred
vigorously hile maLintaining the temperature at 900Z. The potassium hy-
droxide was then neutralized with dilute hydrochloric acid and 66.1 grams
(0.75 mole) of _-butyric acid was added, A reflux condenser with a trap
to remove waternwas added to the flask, and the mixture was maintained at
293(F. for 24 hours. An additional 19.2 grams of n-b-atyric acid was then
added, and after maintaining at 23yF. for another-148 hours, the excess
butyric acid was removed by strippin at a final pressure of approximately
on: millimeter for 3 hours. About 20 grams of material was recovered by
this stripping process. The product was sabmitted for testing as sample
461&-4~.

3. Esters of Dibasic Organic Acids

In all caIeL the acid and alcohol in a mole ratio of 1 to 2 were
placed in a flask eq '.ipped with a reflux condenser and a trap to remove
water from the reflux and heated at 302-•3470F. for 24 to 48 hours. A
small amount of trifluoroacotic anhydride was added to the di-(Methoxy Poly-
ethylene Glycol 350) adipate reaction mixture and ylene was added to the
di-(Vethyl Carbitel) oxalate reaction mixture to aid in the removal of water.

4. Mixed Ester, of Dibasic OranEic Acids

In the case of both esters prepared, sq'amilar quantities of
alcohol and acid were heated at 255-350OF. for 3-17 hours in a three-neck
flask equipped with a stirrer, thermometer, and. a reflux condonser and trap
to re=ove water from the reflux. An equimolTr qmantity of the second alcohol
was then added and the reaction maintained at Y30-3Q07* for 2 to 24 hours.

In one case some purification vas achioved by extraction with both hydrocarbon
and water.
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5. The n,-exyl Ether of Polyethylene Gqcol 200 Mono-(ethyl carbonate).

Into a 5)0-milliliter three-neck flask equipped with a stirrer,
thermometer, and reflux condenser with a vent line for effuent gas wero
placed 17.4" grams of ethyl chlorocarbonate and 53.8 grams for the n.hexyl
ether of Polyethylene Glycol 200, the preparation of uhich is describod
below. The reaction was allowed to proceed for S hours at 212•I.

6. Tri-(buktyl Carbitoil) 13hosphate,.

Intoa 500-milliliterthree-neck flask equipped with a thermometer,
stirrer and reflux eondeaner fitted with a calcium chloride drying tube and
vent line for effluent gas wereplaced 162 grams (1.0 mole) of butyl Carbitol
and 51 grams (0.33 mole) of phosphorous oxychioride. The reaction was allowed
to maintain itself at approximately 115F1. for one hour. The mixture was then
heated and maintained at 212°F. for 4 hours and finally at 3020F. for 16 hours.
The mixture was then allowed to cool in an atmosphere of carbon diexide. This
partially solid product was readily soluble in the 70/30 isooctane-toluene
solvent.

G. Ether-Type Plasticizers.

1. Acrylonitrile Condensates with Polyethylene Glycols.

In both cases the glycol and about 5 percent of a 40 percent aqueous
notassium hydroxide solution were placed in a three-neck flask equipped with
a stirrer, thermometer and dropping funnel. An equivalent quantity of acry-
lonitrile wss added -;ropwise at the rate of 60 to 80 drops per minute while
maintaining the temperature at 85-95OF. After the addition was complete, the
mixture was m-intnined at about S50F. for 6 to 20 hours after which time the
mixture was neutralized with dilute hydrochloric acid and the product recovered
by vacuum distillation.

2. The Mono-(n-hexyl) Ether of Polyethylene Glycol 20.

Into a one-liter four-neck flask equipped with a dropping funnel,
stirrer, thermometer and a reflux condenser fitted with a calcium chloride
drying tube and vent line for effluent gas was placed 306 grams (3.0 moles)
of n-hexyl alcohol and 5 milliliters of pyridine. WhZe stirring vigorously,
3'5-grams (3.0 moles) of thionyl chloride was added dropwise while main-
taining the temperature at about 85'1. After the addition was complete
(4 hours), the reactants were maintained at 120 0 F. for two additional hours.
The dark reaction mixture wsis then filtered through Celite and washed twice
with ice water. The n-hexyl chloride was recovered by ditillation (boilirc
range 269-271".X

,1ADC Th52r-0



Into a liter, three-neck flask equipped with a stirrer and vent. line
for effluent gas was placed 242 grams (1.21 moles) of Polyethylene Glycol
200. While stirring vigorously, 29.2 grams (1,27 molea) of sodium was added
in -mall pieces. Dioxane was added to aid in dissolving the precipitated
sodium salt. The mixture was allowed to reflux for 3.5 hours. liter cooling
to room temperature, 1i5 grams (1.21 moles) of n-hexyl dchoride was added and
the mixture refluxed 5 hours. The mixture was then heated with activated
charcoal, filtered through Celite, stripped to remove the dioxane, washed
twice with m-heptane and stripped to remove any residual heptane. This ma-
terial was tested as number 1+i-69.

H. Acetal-Type Plasticizers.

1. Di-('t Ethom Triglycol") Formal

Into a 500 milliliter three-neck flask equipped with a gas inlet
tube, thermometer, stirer, and reflux condenser fitted with a vent line
for effluent gaswereplaced 267 grams (1.5 moles) of "Eth6xy Tritlycol"
and 22.5 grams of trioxane. The reactants were stirred vigorously and
maintained at 2590F. for 5 hours while dried hydrogen chloride gas was
bubbled through the solution. Nitrogen was then bubbled through the
solution in place of hydrogen chloride and the reaction maintained at 250?F.
for an additional 15 hours. This material was tested as sample 461i-75.

2. The Mixed Formal of Methoxy Polyethylene Glycol 350 and n-Hexyl
Carbtoll.

Into a liter, three-neck flask equipped with a gas inlet tube,
thermometer, stirrer, and reflux condenser fitted with a vent line for
effluent gas wereplaced 350 grams (1.0 mole) of Methoxy Polyethylene Gly-
col 350 and 30 grams (0.33 mole) of trioxane. The reaction mixture was
stirred vigorously while dried hydrogen chloride was bubbled through the
solution for 24 hours at 75 - 850F. After this time 190 grams (1.0 mole)
of nm-hbxyl Carbitol wee added and the temperature raised to 1300F. After an
additional 8 hours altrogen was bubbled through the uolution in place of
hydrogen chloride and the reaction maintained at 130OF. for en additional
18 hours. The crude reaction product was then washed with heptane, dissolved in
toluene and washed with a saturated aqueous calcium chloride solution, and the
toluene removed by stripping. This material was tested as number 4618-80.

I. Oxidized Liquid Polybutadiene.

Into a three-liter, three-neck flask equipped with a stirrer, inlet
tube and reflux condenser fitted with a vent line for 'effluent gas were
placed 360 grams of Serial #8 liquid polybutadiene, 1520 grams of toluene,and
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5 gnmG of 70.2 percent cvamie hy-operodde. OCVgen was introduced slawly,
jst •a•ove the stirring yaddle and the reaction =nnta-ined at 2000F. for 21
hours. M addkition of oxgsn was týben aiscont'nniud, th@ reaction .Airanu
refl~uxi for 24 hours to decompose the peroxidas and stripped to ramove the
toluesn. Tih materinl "i tested as nuztr L•-1ir-S,.

J. Diethanolformamide

Ethl formate was added to an equioTar qualatlty of' die thanolamina and
allowed to stand about 16 hours at room temperature. The reaction was
exothertic at first. The reactants were then heated until the refltn v~por
reached 1700F. at which time ethll alcohol was removed by distillation. The
product was insoluble in 70/NZ isooctano-tcluene and froze at _660F. It was
submitted for evaluation as L84-3-17,

K, Preparation of A=E -Lxyethlure than

Ethl chlorofornate (248 gr•ms) was PAded dropwise with continuous
stirring to a mixture of 2&) grmns of ethanolamine and 4O0 milliliters of
absolute ether at the rate of about 40-45 drops per dmi.nte while control-
1hog the temperature at 25 to 400F. After the addition was complete the
mixture fal elo~wed to stand for about 16 hours, m ethhaaolamii hnbdro-
chloride formed was removed by filtration ani the filter cake was washed
with two 100-milliliter portions of ether. Te ether washings were combimed
with the filtrate an! the ether removed by distillation. Te residae was
then distilled tundr vacu=m and the material boiling at 215.6-217.40F. at 1
millimter pressure was collected. A yield of 253.5 grams of liquid which
froze at -76ry. ame was insoluble in 70/30 isooctanetoluene war cbtainod.
This material was submitted for testing as sanple 483-21.

L. preparation of Syn-EN'- Diethanoltura

One mole (128 grams) of -hydroxeth1lurethan was mixed with 1 mole
(61 grams) of etnland.o heated at 21207. for 2 hours and distilled.
fl acruad xraterlal wa* distilled aed the product fraction was redistill-d.
Me material boiling at 248 to 2530F. at one nAllimeter pressure was col-
lected. M product, amounting to 82 grams, was a liquid which £ttze at
-66cr.

M. Preparation of N-Po•rl MoE1holine

Zthyl formate (1.5 moles) was mixed with 1.5 moles of morpholine and
refluxed_ until the refli-x te7Peratmure -rAh~A 1750e 3' mixture as then
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dis-tilled and tho portion boiling at ~43-7-1455F. was collected. A yield of
!10 graems of material which silteod at 7. q* d w as inwplobl. in 7-0/'4 lea-
ectan&-t-oluSMe was obtaizhd, This materia. map subtuitted for teuting as

1a -cyazoc-1,3-t-butadisns was pryjaned by thae pyrolyusia of crotonAl-
doshyds eytaohydrih benixeato 'Atie had- boon RrTiurlyv PrpNt*Z from crentonal1-
dtekvd& benson ch~srit4e sad modiv evYnient

Ta ^ II im1 m-A - v sa'iv ý * n* ..-

sechar-t"p stirrsr, tharrnl#l1 , inlet and. mat linesswere cha.rged 2 g&ailns
of gahia radsa beuans 2 gallon. of rnW-.tzt grid. tolzae , 23.5 pcxnr'u
(6OA6 wL-eeis -o ttochaical Crrade toiwyl chloride. and lid pond~s (0.168
sles) of ttchsieal gares crtetonsldehyda. The nixture was then stir .-w! and
=oled tU 146!. lay cisculating cold ;keeter. threuch the reaet-tr jeckat.

A wolItirs~ of 11.0 posts of Th~ront Cy-anegg (equivalent to 0.215
miles of wcdiuu cyanida) in A6,.I p*uMSd of water was then adidse- at suach a
rate that the teTeratun mrnJA1 be maintained at about 1412T. This addition
rnuired 4reximately 2 tours. Auring which tirm the tezpentnitri aed foif
13ey. to 184. Stirring was continued for awther 1.5 tours and the mixture
alvend to nettlo. The zist-are uws then stirred amdO allowed to settle inter-
uittnatl~y until x~n temerature was reachet, The 1i~t yellow, clear, Fquaoue

pnwe tkan vitbdrsn and thie product ptase was nuhed twice -4th 2.8 Pound
portions of 5 percamt eadits cat~roate solution, The deep rad product layr
was then vithrnm, driod over 3 rcUrtu5 of anhylnus @ngnsuiuz inalpbate for
about lý hours, ftitered, and distilled under a nacmm to rszve the b-enzavze
sad wlumne. Di4stillation of the crude ?"-ict under reduced pressrem gave
25.5 pomade (75-5 PGrnt of theorstic-al, of o~ntenasiletdaecyanohydri~n ben-
zone, a light yellow 1iquii- boil iU at 1215-l5512C. at 1 to 4 millimesters
;ruuWuru. ?AN xv^r"auive Iinde (rL ) TMOree un& 1.52 Cawpr t4 a i'te rm-
ture malm of 1.522. The erotonaidehyds cyam~hydutIn bensoate, to twhic
a am%!! nMt of pie ne atid was stied., was pyrolyzed in a one-inch stainp-
loess.tee.l tube 14-fest long and packed with 0.25-inch coraic Berl saddles.
Aft-or fIMlirtt the pynljrsiu tube with nitrogsa; the ester u~s clarge
thvrra# a moll Miltax-Ry pump at the nata of 22 aif.I~liters por stinte
whQ~e the t~ertatur inside of the pyr'lysis tube uas maint-ained at l0l 5 -lil 5tPF.
The pyrolysats me ecellcted In a 5-liter, rouMA bottom flask equipped with
a F....fnftA air uraia am nrrrnmlvaia *ri'a+& an~ +-me~e aftar t'ra, yrrrcudia

Of ab~t S to j pond. of tkt ester; baneTer, it was found. that the tube may
Tary conyofient24 wran.epidly be burned out with a-ir at any appropriate time..
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Me crude 1-cyano-l,3-buta•a..n was trn removed from the pyrolysate ty
"vacunm distillation. A temperature of 1650r. and at least 24 hours ap-

zedrec sufficient to recover most of the da9fivd product from the benzoic
acid formed. Ficric acid was added both to pyrolysis axxd distillation
recauivers to inhibit po!.,rizatlon. A yield of 10- . .percent6
of the theoretical) of almost colorless liquid was obtained. The pyroly-
sate and the recovered cyanob•atz lens ere stored at dry-ice tenperature
while waiting further purification.

Senaratton of the cis and trans-isomers of the l-cyano-1, 3-
butadiena was atteqpted-C fracW5"tioon through a 1 inch by 36 inch Pod-
bielniak co!n at 3.5 Millizaters pressure an"- a reflux ratio of 30 t 1.
Ralatively pure cis-isomer was obtained, bat a purity of only about 75
percent was obtan d for the tranzs-isomer. It -s believed that due to
the spparently high pressure =p-across the colwm and the long residenoc
time in the pot that most of the trans-isomer had polymerized. The follow-
ing samples were used for copolyme"zion:

St.~l -Nbo. (CI s- rn- Total

4s42-17- 98.0 1.0 99.0
4s42_17-2 70.6 3.8 107.*
4s4;4-17-3 33.4 76.7 11O.l

The concentration of cis and trans-isomers was determined by infrared
anajcsis using sa.le-Tf tbs?• isomr obtaImd fro% H. R. Snyder
at the University of Illinois.
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APPIa I X II

TABLE I

EVALUATION OF VARIOUS POIXBUTADIZ4ES AS PIASTICIZERS IN PARACRIL NS-26

% % Cold Comp. Set

PHR Plasticizer % T-R Relaxed Relaxed
Plasticizer Plasticizer Extracted Swell FP OC 10 sec 30 min Remarks

L-1 10 62.4 42.0 -32-ab 95.9a
L-1 20 65.0 43.6 - 36 a8b - 9513a
L-1/T P-90B 10/5 69.4 39b3 -399, 5. 87328

4135-92 10 58.8 46.7 - 3 3 a,b - 96.4a
4135-92 20 54.5 48.8 -3 4&a,b - 97.7a
4135-92/TP-90B 10/5 66.0 42.4 - 3 8 a,b - 89.1a
Serial #5 10 15.7 56.1 -31 - 96.4a
Serial #5 30 35.3 73.0 -28 - 97.2a
Serial #5 30C 16.3 57.4 -26 - 97.a
TP-90B 10 75.1 33.6 -&a;b 76.8a
TP-90B 10 86.0 31.3 -38a' - 75.0a
TP-90B 20 76.6 25.9 _47ab - 46.6a

TP-90B 30 78.6 18.9 -45 - 31.7a

4135-92 10 72.6 49.7 -30 96.3 96.5
4135-92/TP-9OB 10/10 76.6 36.8 -39 95.6 71.6

4135-92/ZL-109 10/10 56.6 39.5 -35 96.8 94.7
4135-92 20 69.1 49.1 -32 97.0 96.5

4135-92/TP-90B 20/10 73.8 41.6 -40 94.7 71.1
4135-92/ZL-109 20/10 63.0 42.8 -35 96.8 93.3
4135-92 30 77.1 55.2 -32 96.8 96.3 Bled
Ser #5/ZL-109 10/10 37.6 50.2 -33 - -

ZL-109 10 32.8 41.6 -33 97.0 95.6
ZL-109 20 18.4 35.4 - 95.3 92.8
ZL-109 30 12.9 33.2 - 93.9 88.1
TP-90B 10 77 38.8 -38 96.6 86.1
TP-90B 20 88.1 26.3 -45 87.4 45.0
TP-90B 30 82.5 21.2 -50 75.4 30.9

S- 48.6 -29 97.1 97.0

Liq. PBD, 768 Vie. 10 34.0 59.9 -29 97.5 97.2 Slick
Liq. PBD, 768 Vie. 30 58.7 62.4 -29 97.5 97.2 Bled very badly

Liq. PBD, 1037 Vie. 10 29 60.5 -29 98.0 97.5 Slick

Liq. PBD, 1037 Vise 30 29.3 79.4 -31 97.6 97.1 Bled very badly

TP-90B 10 94 36.4 -36 95.2 78.6

TP-90B 30 74.2 23.3 -46 74.2 32.8
..- - 43.8 -29 97.3 97.2

a) 30 minute cure
b) lehman EEOC
c) 5 phr sulfur
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TABLE II

EVALUATICN OF POLYBUTADIENE DERIVATIVES AS
PIASTICIZERS IN PARACRIL NS-26

% % Cold Comp. Set
Pmm Plasticizer % FP °C Relaxod Relaxed

Plasticizer Plasticizer Extracted Swell (Gehman) 10 sec 3 Remarks

HB-21 10 23.3* 48.8 -39 - 97.0 10 per cent oxygen
HB-24 10 9.0* 49.2 -40 - 98.8
HB-34A 10 28.7* 50.2 -41 - 97.0 6.5 per cent oxygen
HB-43 10 18.0* 47.0 -30 - 99.1 20.3 per cent oxygen
HB-4 10 19.7* 47.0 -31 - 99.1
HB-51 10 0.0* 45.2 -30 - - 22.0 per cent oxygen
HB-58 10 21.5* 49.3 -30 - 96.2 6.5 per cent oxygen
HB-61 10 5.4* 44.6 -30 - 96.6
HB-63 10 19.7* 48,8 -29 - 97.0
HB-67 10 19.7* 45.1 -31 - 94.8
HB-71H 10 28.7* 52.5 -32 - 98.5
HB-84 10 21.5* 45.7 -31 - 98.2
HB- 86 10 23.3* 49.3 -31.5 - - 7.1 per cent oxygen
HB-93 10 1.8* 45.2 -31 - - 19.5 per cent oxygen
Liq. PBD 10 19.7* 61.9 -42 - -

(T-R)
HB-121 10 42.0 56.3 -30 98.2 97.8 2 per cent oxygen
HB-121 30 38.0 74.9 -30 97.7 97.6
HF-PBDI 10 76.0 42.5 -29 97.7 97.4
HF-PBD, 30 76.0 37.7 -29 98.0 97.7
HF-PBD2 10 64.0 47.5 -29 97.8 97.5
HF-PBD2 30 61,3 48.2 -29 97.8 97.6
4669-49-B 10 98.0 41.8 -29 97.2 97.0
4669-49-B 30 10000 19.5 -29 97.4 97.2 Bled slightly
4669-49-C 10 123 38.6 -28 97.7 97.3
4669-49-C 30 98.0 22.8 -27 97.6 97,6 Bled slightly
TP-90B 10 76.0 39.8 -37 97.2 86.7
TP-90B 30 80.7 22.3 -48 72.8 30.4

S- - 48.4 -29 97.1 96.8

4618-58 10 47.5 51.8 -32 97.1 96.8 9.2 per cent oxygen
4618-58 30 36.6 64.5 -32 97.2 96.8
TP-90B 10 92.5 38.8 -42 93.5 75.7
TP-90B 30 82.5 22,5 -46 71.9 29.0

*Aliquot Method
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TABLE III

DESCRIPTION OF POLYBUTADI&E AND
POIYBUTADIENE DERIVATIVES

Code Nog Description

L-1I Sodium-polymerized liquid poJybutadiene precipitatsd to give
a low viscosity fraction (30 Saybolt Furcl seconds viscosity).

4135-9 Hydrogenated low viscosity liquid polybutadiene corresponding
to L-i (15.9 per cent unsaturation).

Serial #5 Sodium-polymerized liquid polybutadione (460 Saybolt Furol
seconds viscosity).

Liq. PBD, 768 Via. Sodium-polymerized liquid polybutadiene (768 Saybolt Furol
seconds viscosity).

Liq, ?BD, 1037 Vis. Sodita-polyrnerized ... q.. " UJJ--U-L4........ "tu .. ju.&.........

seconds viscosity).
HB-21 Hydroxypolybutadiene (10 per cent oxygen).
HB-24 Hydroxypolybutadiene.
Rs-34A Hydroxypolybutadione (6.5 per cent oxygen).
HB-43 Hydroxypolybutadien. (20.3 per cent oxygen).
HB-44 Acetylated hydroxypolybutadiLene.
BB-51 Hydroxypolybutadiene (22.0 per cent oxygen).

HB-58 Oxidized polybutadiene (6.5 per cent oxygen).
HB-61 Phosphate easter of hydroxypolybutadiene and butanol,
HB-63 Oleate of hydroqpolybutadiene.
HB-67 Hydroxypolybutadiene condensed with ethylene oxide.
HB-71H Hydrogenated, air-oxidized polybutadiene.
HB-84 Formate of hydroxypolybutadiene.
HB-86 Hydroxypolybutadiene (7.1 per cent oxyge: ).
HB-93 Hydroxypolybutadi one (19.5 per cent oygen).
HB-121 Hydroxypolybutadiene (2 per cent oxygen),
HF-PBD,1  Hydrogen fluoride-polymerized liquid po2ybutadiene.
HF-PBD2  Same as HF-PBD1 except different purificaticn procedure.
4669-49-B Vinylcyclohexene (butadiene dimer) poolymer-orerhead product.
4669-49-C Vinylcyclohexene polymer - pot residue.
4618-58 Oxidizod Serial #8 liquid polybutadiene (5,2 per cent oxygen).
ZL-109 A Thiokol liquid polyaulfide.
TP-90B Di-(butyl Carbitol) formal.

p•.
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TABLE V'!

EVALUATIcO OF BUT4DIJUE-FURFURAL COFOLYMERS
AS PIASTICMUS Di PARACRIL NS-26

% Cold
% COrs. Set

PHR Plasticizer % T-R Relaxed
Plasticizer Plasticizer Extracted F$_eC 30 mPii

BF-l 10 55.2 37.8 -40 94.8BF-I 30 75.1 21.8 -43 82.7
BF-2 10 37.7 41.6 -26.7a _
BF-i 10 102.5 34.7 -34 94.7-1b 87'I " A- .I.1S487A --..7(e

BF-3 10 91.6 34.5 -32 94.9BF-3 30b 81.3 20.4 -35 81.4
BF-4 10 88.1 35.1 -33 95.4
BF-4 30b 83.8 20.1 -36 79.7'BF-5 0 10 89.6 34.9 -32 95.9
BF-5 b 79.0 21.2 -34 89.6BF-1/TP-90B 10/5 74.0 32.7 -39 85.1BF-l/TP-90B 10/10 85.5 26,4 -41 69.7.BF-l/tP-90B 10/15 82.1 21.8 -4, 60.8

BF-I 10 81.0 26.8 -7 95,3c
BF-I 20 81.6 26.9 ,87.6
Bl-I 30 81.2 20.9 -38 81.90
BF-i 30d 73.9 17.5 -34 81.8cBF-7 10 81.0 34.6 -33afc 95.2c
BF-? 20 76.6 26.9 -34a&, 94.2c
BF-8 10 60:6 35.8 -34a,0 95.9c
BF-8 20 70.0 27.6 -34aB, 92.4c
HBF-l 10 0.0 40.2 -28apc 95.1cHBF-I 20 5.0 36.7 -27a,€ 95 .9c
11-2 20 2.5 37.8 -27 a, 95.7c
TP-90B 10 75.1 33.6 -41I.0 76.80
TP-90B 30 86.0 33.3 -38 75.Oc
TP-90B 20 76.6 25.9 -47a,0 46.6c
TP-90B 30 78.6 18.9 -45 31.7c

S) C-ehman .T °C
b) 2.0 phr Altax
a) 30 minute cure
d) 5.0 phr sulfur

"DC Tm 52-F0 2-



TABLE V

DESCRIPTIC OF BUTADIEhE-TJRFULL COPOLMERS

Code No. Description

BF-l Purified 2,3,4,5-bis- C2 -butenylene) tetrahydrofurfuralo
BF-2 Crude tar from butadiene plant containing approximately

15 per cent BF-1 and other condensation products.
BF-3 Overhead from partial stripping of crude tar with 400 F

steam.
BF-4 Overhead fram stripping BF-5 again with 400 F steam.
BF-5 Overhead from complete stripping of crude tar with 400 F

steam using valuum during the final stages.

ox i , )j j)-Lj L ~L4 % ktS1F, .LRMNPJ toVU A OIL t AA ULSS9AI tALUJJ J. OeL~.&,lAViP.L

BF-8 Product from the condensation of ethylene oxide with
BF-7 in a mool ratio of 4 to 1.

"HBF-I Hydroxylated and polymerized BF-Io
HBF-2 Hydroxylated BF-7°

TABLE VI

EVAIWATIW OF HYDROXYIATED BUIADIENE
DERIVATIVES AS PLASTICIZERS IN PARACRIL NS-26

% Cold
%* Camp. Set

PHR Plasticizer % Gehman Relaxed
Plasticizer Plasticizer Extracted Swell FP °C _ min

HB-53E 10 0.0 44.2 -30.5 98.8
HB-54E 10 71.8 23.2 -34 96.2
ED-I 10 10.8 46.2 -30 99.1
ED-2 10 91.5 38.5 -32 99.1
F-SD-I 10 97.0 38.6 -32 100o0
ESD-2 10 84.3 39.5 -32 99.4
ED-3 10 53.2 40.9 -32 98.5
ED-4 10 0.0 45.9 -31 98.5
LD-5 10 9.0 45,9 -32 98.5

*Aliquot methond

HB-53E: Residues from erythritol preparation
HB-54E: Erythritol tetrabutyrate
ED-i: Polyester of erythran and sebacic acid
ED-•: Erythritol laurate
.SD-I pentaerythritol laurate

ESD-2: Glycerol laurate
lD-3: Erythritol tartrate (, cyclohexanone)
ED-h: Polyester of 3-butene-l,2-diol and succinic acid
ED-5: Polyester of 3-butene-l,2-diol and adipic acid

ADO - 3D



TABLE VII

EVALUATION OF POLYETHYIENE GLYCOL DERIVATIVES
AS PIASTICIZERS IN PARACRIL NS-26

% % Cold Comp. Set
PHR Plasticizer % T-R Relaxed Relaxed

Plasticizer Plasticizer Extracted Swell FP oC 10 sec 0 min Remarks

4419-77 10 75.0 34.4 -35 - 92 .4 a4419-77 30 76.6 20.2 -40 - 3 8 . 2 a Bled
4618-19 10 64.3 35.3 -37 - 95.5a
4618-19 30 68.6 22.6 -38 - 94.58 Bled
4618-26 10 71.4 34.9 -35 - 9 5 . 4 a Bled
JL,618-26 30-1 Ar70 2L& 35 11 '7.3l

4618-25 i0 30.0 40.0 -30 - 97.4 Bled
4618-25 30 34.0 33.2 -28 - 96.8 Bled
TP-90B 10 86.0 33.3 -38 - 75.Oa
TP-90B 30 78.6 18.9 -45 - 3 1. 7 a

4618-28 10 90.5 36.2 -38 96.8 90.9
4618-28 30 80.7 23.1 -39 92.9 48.0 Bled
4618-49 10 90.5 35.8 -38 96.7 89.2
4618-49 30 66.7 26.6 -40 95.1 65.2 Bled
4618-70 10 74.5 38.5 -34 96.3 95.0
4618-70 30 68.7 24.3 -38 96.1 85.5
TP-90B 10 92.5 38.8 -42 93.5 75.7
TP-90B 30 82.5 22.5 -46 71.9 29.0

4618-71-2 10 68 3 9. 5 b -31 97.1c 96.7c
4618-71-2 30 84.5 26.3b -31 96.5r 96.2e Bled
TP-90B 10 77 3 8 .8b _38 96.6c 86.1c
TP-90B 30 82.5 2 1 . 2 b -50 75.4c 30.9c

... - 4 8 .6 b -29 97.1c 97.0c

a) 30 minute cure.
b) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 150 F.
c) In carbon dioxide atmosphere.
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TABLE VIII

DESCRIPTION OF POLYETHYLEN GLYCOL DERIVAT IVES

Code No. Description

4419-77 Product from the reaction of equimolar quantities of Polyethylene
Glycol 200 and caprylic acid.

4618-19 Product from the reaction of equimolar quantities of Polyethylene
Glycol 400 and caprylic acid.

4618-26 Blend containing 42 per cent Polyethylene Glycol 200, 24 per cent
4419-77 and 29 per cent 4618-19.

4618-25 Product from the reaction of Polyethylene Glycol 200 with sebacic
acid in a tol ratio of 2 to 1.

"uO -e0 Polyethylene Glycol 200 monobutyrate.
4618-49 The ( -cyanoethyl ether of Polyethylene Glycol 200 monobutyrateo
4618-70 Mixed adipate of butyl Carbitol and Polyethylene Glycol 200.
4618-71-2 The di4-cyanoethyl) ether of Polyethylene Glycol 200.
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TABLE X

EVALUATION OF AMIDE-TYPE PIASTICIZERS IN PARACRIL NS-26

% _% Cold Compn Set
PHR Plasticizer % T-R Relaxed Relaxed

Plasticizer Plasticizer Extracted Swell FP oC 10 sec 30 min

N-SU/TP-90B 5/5 63 37.1 -38 96.6 95.1
N-SU/TP-90B 5/10 71,5 32.0 -42 95.8 80.6
N-8U/TP-90B iO/i0 72.6 27.7 -37 95.4 87.4

10 583 39,9 -34 95.9 95.4
N-SU 20 67.2 31.8 -27 95.8 95.1
N-8U/rP-90B 20/10 73.8 24.0 -37 95.7 90,2
N-BU 30 72.5 28.7 -29 96±4 96.2

1-V0 - 96-5 79.7
TP-90B 30 81.1 22.1 -50 72.8 29,9
S-- - 47.2 -30 96.9 96.7

4843-17 10 18 73.9a -29 97.1b 96 . 9 b Bled
4843-17 30 15.3 41.3a -28 97.2b 9 7,.b Bled badly
TP-90B 10 94 36-4a -36 9 542 b 78.6b
TP-90B 30 74.7 23.3a -46 74.2b 37.8b

S ....- 43.8a -29 97.3b 97.2b

4843-25 10 55a 4O.78 -38 96.7b 88.6b
4843-25 30 54.3a 31.7a -45 8 9 . 8 b 38.6b
4843-23 10 62a 41.1" -33 9 6 . 8 b 95.4b
4843-23 30 83.7a 26.18 -34 97.8b 97 . 2b Bled
TP-90B 10 88s 36.0a -40 9 5 .8 b 78.7b
TP-90B 30 79.0a 20.5ra -5) 7 8 .0 b

......- 46.38 -29 97.1b 97.rb

4843-21 10 81a 4 0 . 5 a -C 9r7.7b 97.4b
4843-21 30 86.0a 27.6a -c 9?. 4 b 9?.2b
TP-90B 10 96a 37.4a -c 9 5 . 6 b 75.5b
TP-90B 30 84.0a 19.88 -c 7 0 . 4 b 29o5

-..- 47.3a -c 9 6. 9 b 96.8b

a) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 150 F.
b) In carbon dioxide atmosphere0
c) Freeze points are not yet available.
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TABLE XI

DESCRIPTION OF AMIDE-TYPE PLASTICIZERS

Code No, Description

N-8U n-Octyl urea
4843-17 Diethanolformamide
4843-25 N-formyl morpholine

4843-23 Sym-N,N' -diethanolurea
843-21 3 -hydroxyethylurethanr

TABLE XII

EVALUATION OF TP-90B DERIVATIVES AS PLASTICIZERS
IN PARACRIL NS-26

% Cold
% 0Comp. Set

PHR Plasticizer % FP C Relaxed
Plasticizer Plasticizer Extracted Swell T-R Geh 30 min

liES-I 10 40.8 37.3 - -37a 93.3
NES-l 20 41.0 30.6 - - 40 a 78.4
4618-9 10 95.0 32.4 -41 -39 79.4
4618-9 30 83.3 17.3 -45 -51 31.9
TP-90B 10 75.1 33.6 - -41a 76.8
TP-90B 10 . 3w -38 -42 75.0
TP-90B 20 76.6 25.9 - - 4 7 a 46.6
TP-90B 30 78.6 18.9 -45 -55 31.7

a) 30 minute cure

lES-I: Product from the reaction of TP-90B with m-tolylene diisocynnate,
4618-9: Product from the reaction of TP-90B with succinic anixydride.
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TABLE XIII

SVALUATICz OF HYDROlNIThRU• AS PiASTICEZR•
IN PARACRIL NS.-26 -

% Colda
SCmp. Set

PHR Plasticizer % T--R Relaxed
Plasticizer Plasticizer Extracted Swe_ l FM °C 30 min
4419-81 10 79.0 34.6 -34 95.4
4419-81 30 74.6 20.7 -35 91.2
4618-1O 10 79.0 34.6 -36 96ý6
4618-10 30 76.0 20.8 -41 92.7
TP-90B 10 86.0 33.3 -38 75.0
TP-90B 30 78.6 18.9 -45 31.7

a) 30 minute cure

4419-811 Iydrovlated Amneel TOD
4618-101 Hydroxylated Arneel SD

TABLE X17

EVAWATICU OF VULCANIZABLE PLASTICIZERS IN PARACRIL NS-26

% % Cold Comp. Set
PHR Plasticizer % T-R Relaxed Relaxed

Plasticizer Plastic.zer Extracted Swell FP 0 C 10 sec 30 min
DAS 10 73.2 35.8 -40 - 80.9
DAS 30 83.3 18.9 -49 - 96.2
DAS 30a 83.3 18.1 -51 - 96.7
DAS 30b 81.7 19.8 -47 - 96.6
DASc 10 66.5 40.6 -32 - 88.3
DASc 30 21.3 42-3 -31 - 82.4
DASC 30a 22.1 41.1 -30 - 83.0
DASc 30b - 45.8 -28 - -
DVB 5 23.4 46.5 -30 97.4 96.9
DVB/TP-%OB 5/5 56.5 42.1 -35 96.9 91.3
DVB 10 34.8 44.8 -36 97.4 96.1
DVB/TP-90B 10/10 59.6 32.1 -40 94.8 7X5
DNB 30 22 41.3 -36 96.4 92.8TP-90B 10 98 36.2 -38 96.4 79.7
TP-90B 30 81.1 22,X -50 72.8 29.9

47.2 -30 96.9 96.7

a) One part benicyl peroxide added.
b) One part benzoyl peroxide added, then treated 8 hra. at 120 F and 2 hrs. at 212 Fs
c) Extracted stock.

DASs Dialyvl sebacate
IV8: Ulvinyl benzene
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TABLE XV

ikVALUATIION OF SILICCOE5 AS PLASTICIZERS IN PARACRIL NS-26

% Cold Comp. Setb
PHR Plasticizer %a T-R Relaxed Relaxed

Plasticizer Plasticizer Extracted Swell FP OC 10 see 30 mcn Remarks

4209-34-1 10 0.0 66.9 -28 97.8 97.5 Bled
4209-34-1 30 6.7 85.4 -25 97.7 97.5 Bled badly
4209-34-2 10 6.0 63.4 -27 97.8 97.6 Slick
4209-34-2 30 22.7 70.3 -26 97.3 97.2 Bled
TP-90B 10 94 36.4 -36 95.2 78.6
TP-90B 30 74.7 23.3 -46 74.2 37.8

- - 43.8 -29 97.3 97.2

a) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 158 F.
b) In carbon dioxide atmosphere.

4209-34-1: Experimental silicone plasticizer (Doo-Corning stopcock grease).
4209-34-2: Experimental silicone plasticizer (Dow-Corning anti-foam A).

TABLE XVI

EVALUATION OF PHOSPHOCATE'S AS PLASTICIZERS IN PARACRIL NS-26

%a g Cold Comp. Setb

PHR Plasticizer %a Relaxed Relaxed
Plasticizer Plasticizer Extracted Swell 10 see 30 min

4209-35-1 10 94 37.6 96.8 95.9
4209-35-1 30 96,0 18.9 95.4 67.2
4209-35-2 10 92 38.0 97.1 96.4
4209-35-2 30 93.4 19.0 96.8 85.1
TP-90B 10 96 37.4 95.6 75.5
TP-90B 30 84.0 19.8 70.4 29.5

- - 47.3 96.9 96.8

Note: Freeze pointa not yet available.

a) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 158 F.
b) In carbon dioxide atmosphere.

4209-35-1: Diisooctyl phenylphosphonate.
4209-35-2: Diisooctyl styrylphosphonate.
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TABLE XVII

E'VAIJJATICN OF MISCELLANEOUS PIASTICIZUMS IN PARACRIL NS-26

% _- Cold Camp. Set
PH!0 Plasticizer % T-R Relaxed Rslaxed

Plasticizer Plasticizer Extracted Swell FP °C 10 sec

AP-6t 10 5 2 .1a 39.0 -32b - 97.7
AF-M 10 - 38.6 -33b - 94.2
Sorbitol 5 16.4 44.8 -27 95.9 95.3

Sorbltol in 1L49 46.2 -28 96.6 96.5
SorbxtoVTP-90B 10/10 47 36.9 -35 96.3 87.0
Sorbitol/TP-90B 30/10 30.3 31.5 -35 96.6 91.8
Zorbitol 30 12.4 38.7 -27 97.1 96.9
TP-90B 10 98 36.; -38 96.5 79.7
TP-90B 30 81.1 22.1 -50 72.8 29.9
S .. a 47.2 -30 96.9 96.7

a) Aliquot method
b) Getman FPOC

AP-65: Mercaptan-ethylene oxide (9 moles)
AP-M: Mercaptan-ethylene oxide (1 sol)

TABLE XVIII

POIXMERIZA.ION DETAILS OF 90/I0 BUTADIENE/CIS-1-CYANOBUTADIENE COPOLYMERS

1-Cyanobutadiene Polam. Wt.
Composition Parts Time % Polymer Mooney

Samnle %jCsflTrns T =oaf IjL firs. Canv.L (go) JLj

4936-2-1 98.0 1.0 99.0 0.355 11 60.1 130 125
4936-6-1 98.0 1.0 99.0 0.45 10.5 63.9 150 108
4936-6-2 70.6 36.8 107.4 0.40 11.75 56.2 30 95
4936-6-3 33.4 76.7 1102. 0.40 22.5 62.0 30 101
4936-8-1 70.6 36.8 107o4 0.75 11.5 64.3 165 75
4936-lO-1 33.4 76.7 110.1 0.70 16 62.6 130 59
4936-10-2 33.4 76.7 110.1 070 16 68.5 67 58
4936-11-1 98.0 1.0 99.0 0.70 10 68.4 116 81
4936t-11-2 9W.0 1.0 99wO O70) 11 62.13 46 70
4936-11-3 70.6 36.8 107.4 0.70 11 63.4 81
4936-11-4 70,.6 36.8 107.4 0.70 11 62.4 20
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